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ABSTRACT

One important problem in the description of large social systems‘.
] . N 4

is develgpjng methods which can adequately describe the structure of

those systems. This, paper presents a method for modeling structure'whéch .

is based upon the communication networks present in~ghe funct1on1ng systeh

Communication networks consist of the regu]ar patterns’ of 1nterpersona]

-~

communication which develop among people w1th1n a soc1p1 system as they
. , ‘ ;.
use- various forms of Eonnmnﬁcationk{e.g., face-to-face meetings, tele-

phone ca]fs, memos, etc.).to accemplish the daily activities qf the
=
v ‘\ ' - " -

7ystem.‘
- While-the analysis of communipatidn networks is ceftain]y not new,

- A

recent developments iq’techniques and computer software have made possible
vt . v

the analysis q{ networks of several thousand persbns. Prior research,
limited to small networks because of the enormous amount of work involved .

in the ana]ysis qffnetwork data, was'forced to make ‘some rather untenable |

assumpt1ons, resu]t1ng in methodo]og1ca]1y and conceptua]]y weak studies.:

,' The quant1ty and qua]1ty of the data current]y avaL]ab]e for describing

P

\
large social systems is certa1n]y ]ess tha opt1ma] The techn1que ‘out-

]1ned herein provides a method for descr1b1ng social systems wh1ch is based

\

upon emergent systems properties, rather thap arbitrary, g'griori expectations.

This paper is preséﬁted as a genera]\pverview of the recent ad-
\ .

vances Wthh have brought. about these new techn1ques of analysis. -Addi-
tional recent pape&s are avallab]e from the aut?ors wh1cﬁ\present more

thebretical and techn1ca] information, as well as papers wh1ch present more
t

pract1ca]]y applied informatioh. . ¥

»
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: sochL NETWORK ANALYSIS: -- <
AN OVERVIEW OF RECENT DEVELOPMENTS '

L] /
1a1 systems.together.f An ana1y51s of these nét-

”thread" that ho]ds S

~ - .
works can, therefore/ provide a characterization of tne system's, structire.

A}

Lf techniques Ean 27 ~developed which allow desc;iptiohs of soeia] systems '
based upon their cémmunication patterns-—patterns wh1dh are emergent ’

@ posteriori system properties rather than imposed, a 9r1or expectat1ons .

. »

—-greate1mprovements in methods of modeling large- Ecale systems may become

s,

possifle. This paper describes a method for the analysis of communication
networks (herein. called the H technique). which may address this considera-

A d . ; -
tion. OQOur discussion is presented as a general overview; more complete

[

theoretical discussions can be found in Richards [30, 31, 32, 33]; a very

applied, practical discussion is found‘iq Monge and Lindsey [25].
. & \

Conceptial Framework

.
Several ﬁnherent problems exis{.in the analysis of Eommunieatiog

. nets., First, the size and cbmp]ex{ty of ‘the analytic prqb]eg,pose\a very'
real barrier to research. With 100 persons, for {hstance, eacﬁ-qf the‘
100 could talk to,99 others. Thus, 9,906 possible coﬁnec;ions exist.
With a 5,000-person net nearly 25,000,000 EOSSib]e links exist;.if a fu]il
matei; were used to represent'thege contact pagterns: ;he processing ‘
capacity of most present day computers would be eiceeded. This difficulty

has been overcome by an)a]ternate conceptuad ization of the problem, which

~

1




nas al]oned the debe]opment of a computer program (described later) which
. . - » / . ] ’ .

can handle over 4,000 pergons. ' / .
/ ' . N
. » A closely related second problem involves the different research
~ strategies which have been used to handle this compﬂenity, While many
§ : X

there are few standards, or guidelines, for ‘choosing the better or more ap-

r

propr1ate of several methods. - For examp]e, Mears_[2 ] has delineated one

“

‘method of nnde]1ng conmun1cat1on'structure-in large organizations. He

proposes but does not support the generalization that since most work is

L

done in small five or six person groups, a large organization can be con-

ceptualized as meneTy a collection of these smaller groups. To improve

the communication and .thus improve efficiency we merely examine and
modify communication patterns within these small units.  Nofions such as
the "wheel," "comcon," etc. arg useful in such modjfications. While this

o method Hoes provj&e a sfmp]ification of sorts, it does so at the expense
\ .

of thrOW1ng away a great deal of information, i.e.), commun1cat1on\]1nks
to members of other groups. If this metpod could Pe legitimately app]1ed

then generalizations from laboratory studies of communication nets could

o
»

be ufi]izeﬁ to improve communication flow in small groups.

»

Mears' treatment is one exaﬁb]e of the many studies of this type

which are based upon a paradigm roughly analogous to the mechanistic or

\ . ! ’ . N

reductiontstic model.of scien&e. +It assumes that understanding is pos-

s1b]e by tak1ng the process apart, looking at the separate parts, and

putting it back together again. The necess1ty of ]ook1nq only at the

parts stems from the fact that .the complexity of the whole, functioning

L d

different methdds of describing (or modeling) communication networks exist,

> am
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‘system is far too great for existing analytic methods. Divisioh into

’

parts is reﬁatﬁve]y arbitrary, and all the information due to the inter-

W~

- ~action of the parts is lost. The H. method, on the other hand, searches

. S <
for parts (groups) which resu]t from the application of a set of straight-

Forward explicit cr1ter1a to the part1cu]ar system being cons1dered It
does this by an examination of the total set of 1nteract1ons among the
elements as they funct1on in the who]e operating system, an exam1nat1on
which is conducted 1ndependent]y of any prior expectat1ons concern1ng the

-

structure of the system: wh1]e there is as yet no accepted "standard"

‘ for social network analysisy we may suggest a set of criteria that appear

“~
‘

to be useful in real-life situations and sensible in terms of the logical

basis upon which they mest.

We suggest first that any such criteria must be app11ed to an
a gosterlor descr1pt1on of the system, i.e., the system as it is{ rather
than an a priori specification, i.e., the system as someone thinks it

should be. Secondly, if they aré to be "standards," these criteria must

t .

"be explicit and complete. Pexhaps one reasoh network ana]ysis has re-

mained more at the level of art than science is that- previous conceptug]-
izations have been ambiguous, thus requ1r1ng subJect1ve deC151ons to b
made during any application. Th1rd]y, the cr1ter1a shou]d be formu]atﬁd
specifically to deal w1th the prob]ems faced in the study of large, com
plex Systems; forced adaptations of other.less suitable methods of

Aanalysis will not suffice. R

In delineating such criteria a,standard strategy is to examine

. S
existing literature. Massive amounts of empirical data have been

e




gathered on communication networks. Two considerations, hogever, pre-
oL Ll . . L
clude the use"of most of this information. The f1rst is that most

emp1r1ca1 1nvest1gat1ons considered small groups of three, four, or f1ve “
people. Not only is there no general agreement whether genera]1zat1on is,
__possible across these three group sizes [10], but evenif there were, it
s douhtfu] that these %indihgs could be extended to systems having
several hundred’ members. Five-person groups are simp]y'too snaL] to
ai]on the kinds ot’things commonly observed in larger systefs, e.g.,
hierarchical organization, to occur.

Setond]y, accord1ng to Collins and Raven [10],.an unfortunate .
state of affairs is qu1te prevalent throughout the ent1re network liter-
ature. They say, "It is almost {mp0551b]e to make a simple generaliza- ‘
t1on about any var1ab]e without f1nd1ng at least one study to contrad1ct
the genera]1zat1on [10, P. ]46]" We contend that one factor contribut-

\

ing té th1s equivocal state of affa1rs is an $mproper conceptualization

(%4 ‘
of non-11near dynamic proCesses as linear, static cause-and-effect re-

]ationships‘ A shift in analytic per ;ective.may possib]y‘rectify this
s%tuation. K o _ .

_In addition to the literature mentioned above, which results
mainly from'exberghental investigations of cemmunication networks[3,4],_ an

other area of network research is provided in field/survey studies. The

sociogram; developed by Moreno [26], has evolved into a number of tech- .

niques _for the description of system structure. The major intent of a
'sociogram is to identify cliques or ciusters of people who communicate

primarily with each other. Closely related are Flament's [13] "kernels."

(
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Methods for ]ocat1ng the yar1ous parts or. groups w1th1n a commun1cat1on

.

network may utilize graph1c methods [26]2 matrix algebra [17, ]2 9, 21,

.

! ' -~ * e

37], or formal graph theory []4, 3, 11]. e

v . A fore general areacof literature which does provide some 1ns1ght
1nto methods sfor descr1o1ng ]arge combTex systems is systems theory The'
description of systems theory ‘given by Buck]ey [8] ]eads us to believe
that th1s figld may provide some gu1de]1nes in the area of art1cu]at1ng

g network According to Buck]ey, systems¢theory contends with:
who]es and how to dea] with them. as sucn the genera]'
ana]y51s of organ1zat1on--the comp]ex and dynam1c re- -
lations of parts, espec1a]1y When the parts are them-

" ‘ selves compLex and ‘changing and,the relationships are

non-rigid; symbolically mediated, often circular, and .
with'many”degrees of freedom; problems of intimate: -

interchange with an environment, of .goal seeking, or '

continued elaboration and cmeation of structure, o;
more or less adaptive evolution; the machanics of . ) .
» “control” of se]f~reguTation of self-diréction [8, P. 2].
“Z~ : The)notions of "wholes," "par®es," and "stnucture," are, then, con- !
‘sidered of primary importancevoy Buck]ey. Von Bertalanffy [7] defines ..
gEnera] systems theory as "a science of 'wholeness' [7, ﬁ: 37" which ‘
deals with\"organizéd wholes." Simi]ar]y{ Rapaport [29],cites as ‘one
e e]ement.of tQUr’constituents of 5.system définition,."A structure, i.e:, -~ -
! :recognizable re]ationships among the elements which are not reducible to

mere accidental aggfegation of elements [23, P. 21]."




., Systems theory has not presented‘a “neﬁ“ concept in ins{stind .

that analysis proceed from emergent sysfem propert1es, rather, systems.

-

*" theory has revived and rev1ta]1zed an important concept wh1ch became
apparent around the turn of the century: fJFOr example, discussions of
thé necess1ty of a "hoTistic" approach cdn be found 1n b1o]ogy [7 5 6,
37], evo]ut1on theory [36i psycho]ogy [38, ]8], persona]1ty theory_b]],, ‘
gtc.  Tne basic problem is well art1qu]ated-by Smuts [36].

Thic system process cannot be fully defined unle¥s the,
structure of the s&stem is known; that is, urtil its
fundamental component parts havéfbeen identified.

However, these parts are neither unchangingL_or in-

"¢ . _ finitesimal nor'do they interact only in pairs. .The \;/;///////”//j//

.unitary analysis of a complex system involves the -

identificatiof®within the whole, not.of constant

entities but of units of formative process, and even

-

-+~ in“the ultimate analysis these unité“have a finite
extent both in space and time [36 P. 50] ] ’X
However a specification of exact]y how one proceeds to find these

"onits of forTative process" -has not been adequately estab]ished. Indeed,

Krippendorf []é] meptions this very -probTem o% how the "parts" of complex

" systems are to be identified as ofe; of the major issues facing systems .

theory. ' L. .

The development of the ﬂ,teehnique may then be seen’as a compli-
mentary adjunct to systems theory. Systems theory provides some abstract

notions of how complex organizations should be handled; the H analysis
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- ‘,provides ong very specific method of -handling a comp]ex‘brga@ization which
- takes into account some of these notions. '

Ld
) . v

o C )
Network Acalysis: The H Technique .

, The criticaT’H?;;inguishing feature of the H analysis- is tfe

» ?

‘method by which éqmmunicatioﬁ groups are formed. ‘In this method no de-

-

~cision is made as to what constitutes-a communication group {or clique)

until the entirg’pattern of interrelations between individuals has been

. considered. Thus, if person$ in the network left or were replaced, or
- . ]
if measures were taken at different points in time, different communica-

9

. /4ﬁ§i%76;’groupings would likely emerge.
_Due to the fact that division intd parts could only take place

after descriptive data were obtained, and due to the fact that these

groupings or structures would thange as the system chdnged, this me thod

J . . . . . ) .
of "analysis is considered to more adequately.refTect emergent properties . ¢4

.

of a system than techniques‘which merq]y‘impbse a structure before
analysis begins. We have seen thaf systems theory embodies a sef of

general guidelines for describing emergent properties,of systems in dis-

o

cussions of "wholes" or "holism." The technigue which employs the
emergent principles has been called the "H" technique from this notion
. of “ho]istic?_[ZO]. In the'emergeﬁtlor.ﬂ technique,;division into\pants

° has been described a§ proceeding a posteriori. In other words, an
’ C . .. . ~ Lo . "
@ priori decision of how to divide the system into parts is inappropriate.

First, a]1'}e]ationships in the organization must be consjdered; division

may then proceed aiong.]ineé which.are,appropriatehto that organization.
2 ' To find the communication groups or cliques within the network, a

k) -
.

4, ' ’ " -
1 o - 4 Ny
= BFRY : _




consjderatipn‘must:be“made of all the persons ‘interacting in‘order to
!

describe (not prescr1be) the structure wh1ch i pyesent d

In this context, the ana]yt1c techn1ques presenteg here are we]]-

‘< v

+

: su1ted for their task. The measurement\process used is one that chuses '
on the re]at1onsh1ps between 1nd1v1dua] members of the system The data
obta1ned descr1be the«entire set of re]at1onsh1ps among the members, in

a \ PR

the context of the 1ntact funct1on1ng system The' ana]yt1c methods used

were,designed speq}f1ca]1y for this k1nd of data,;presérving Mtact units

By

Y

‘at multiple Tevels of analysis. o S >

" An exploration of the cdnceptual basis of the systems approach

- - ’

resulted in a confirmation of several ideas which appeared much ear]1er
in tﬁe?soc]oméfr1c literature [3%, 16, 26, 21]. For examp]e the mode 1

outlined pere is roughly h?erarghica], with the system as a whole being
P
. . ~ ‘ N
composed ofrgroups or cliques, which are ‘made up of <sets of individuals
. i ¢
working together.. Individual people in thé system éan fill any of several

-

~ - . E

roles in terms of the way they contribute td the overall functioning-of
. - ", . 1 - . - M

the system.d They can be iso]ates, for exampie, ot participantSNof
e

var1ous types Part1c1pants are either group members or ]1nkers, i.e.,

/’
» »
.
- L}

]1a1son agents'or bridges [16, 37.]. . A

2
-

The underlying concept here is one of orfer or structure, in —
y - i : .

~

terms of a differentiation of the whole, into parts _having spet%a]i)ed- Lo

functions [27]' As mentioned earlier, this approach is not new. There

“have, however .been recent advances in an understand1ng of the nature of

) structure [2, 31], the kinds of thing§ leading to the deye]opment of

structure .[24], and the Ways-in which structure can be studied [32]. =~

-




tions could be examined.
¥

* indeed--demanding a radica] shift in ana]ytic'techniques

LY

because the structura] prob]em is ba51ca]]y a topo]og1ca] one,
‘

;

_ us1ng programs. developed especially for th1s task [25,.34, 357, %s a .

ana1y51s 1mposed on a topo1ogy

~Topo]ogica] Structural Analysis

- . “ 4
¥ “ .
. ~
B ‘ ¢ ~ . 9 ‘

N

Once the relevant systems concepts were clarified, their,imp]ica—
Y

, .
N . a

" This is so
¢

-
s ?

meM'we
’ 1
information descr1b1ng the system 1n terms of componen $.and Sub- components

' : ' @
These implications were found to be far-reaching

~

N

"

is clearly nom1na] data. Thzs suggested that an ana]ys1snm’/hod ‘based on . .

a opological medel would be better-su1ted both conceptua]]y and opera~

ionally, than traditional methods based upon d1stance parad1gms (for :

example, .multidimensional sca]1ng techn1ques ]1ke factor: ana]ys1s), wh1ch

assume more than nominal data and produce other‘than topolog1ca]_repre-

sentations of the system.

*

-

(]
.

Y
.

o
*u

«

The‘first stage in the. computerized versioa-of the‘H techn%quegj

h

topo]ogmca] process, us1ng many concept$ drawn from.c]ass1ca] soc1ogram

analysis [16, 37] graph theory’ []2 , 14], matr1x theory [9 12, 21,

37], and set theory. These,concepts are drawn together into a heuristic

patterh-re&ognition algorithm, which produces a,prim?ri]y topological

solution [33]. o s y

v After the structure of thes system has bgen "mapped ‘out," other,
~
more convent1ona], stat1st1ca] methods may be used to,descrtbe propert1es

of var1ous aspects of the System We thus havé a conventional stat1st1c%]

Our present analytitc capaH{]1t1es center around a~eluster of

spec1a]]y des1gned computerized methods. The maip computer program RN

o ~ K . > .o .
-
[y
s
M ’
. TP b .
. e A ! ~
'

-~




NEGOPY, a network ana]ys1s program capab]e of eff1C1entTy ana]yz1ng data ~
descr1pt1ve of. systeps. hav1ng up to 4, 096 members [34]." Since the program
was based on -an algorithm designed specifically for topological structura]. -

analysis Of']arge complex systems, it produces results which are readi]y

"~

used by investigators of large systems, rather than results which must be
Al

\ . . 3 .. . ° -
forced into a topo]og1ca] fdrmat by complicated interpretative methods. .

-

\ The efficiency of this program is due to the f1tt1ng of the a]gor1thm
w1th therdata analyzed, the analytic mode], and the goa]s of the ana]ys1s

.- For th1s,reason NEGOPY is at ]east ten times as eff1c1ent.for th1s type . ,/
fﬁf analysis as most- mu]t1d1mens1ona] scaling routines. In mu]ti~ v ‘
F@l >

d1mmw1ona]nmthmk, a Euc]1d1an distance parad1gm is ut1]12ed

-~

and results which are very d1ff1cu]t to 1nterpret are produced.

N\ The goa]s of the progrdm are tiug- fo]d (1) to produce.a topo-
]og1ca1 déscr1pt1on of the network, under investigation, i.e., a list of -
the_groups~1n the system and a description of fhe roles of a}] the in~
. dividua]‘members it the system angd (2) tg cafcu]ate a numbey ot o

statlst1cs descr1p/}ve of several parts of the system at various levels

» : »

of ana]ys1s e . '

An explicit set of goa]s~was needed in order to deve]op a com-
puter1zed method of ana1y51s. This explicitness was especially important
for the strugtural aspects of the prob]em. The result of the re-conceptual-
ization is the following set of,deﬁinitions and criteria: .

" I. Nodes may be ®f £wo types;~participants and non-participants.
. i, - )

Non-participants are either not connected to the rest of the

network or are only minimally connected. They include:




. T,
N

n

A. Isolate type one. These nodes have no\]inks of any kind.

. o . .
B. Isolfte type two. . These .nodes-have one link. /

C. Isolated dyad, Tﬁese-nodes-have a single link between
v ’ M ( ’ : '
themselves.

D. Tree node. These nodes have a . single link to a participant,
and have some number of other isolates attached to them.
II.. Participants‘are nodes that have two or more links to other

“participant nodes. They make up ihe bulk of tH?/;etwork in
) most cases, ;nd'allow for the development of structure. They
inc]qdeh 4 , . ’ .o .
A. é?oup meﬁber. A node with more thah some peécentége of -
N

his linkage with 6ther members of the same group. d!his

percent.is called the alpha-percent or. g-percent.)

B. Liafson. These nodes fail to meet the a-criterion with *°

“members of any sing]é“group,-but do meet it for members .

of,groups in general. 4

C. Type other.‘~ These nodes fail to.meet the a-criterion \
for any -sét of group members.

I'FT.. To be called a group, a set of nodes must satisfy tﬁese five,

‘criteria: -+ ! ’

"A. There must be at least three members. - s
s ;

B. Each must meet the a-criterion with the othehr ﬁémbers of
. ) . . T 4

-~ Bl

th1s group. , L :

. C.- There must be some path,’lyihg entirely withiﬁjtheigroup, .

from each member to each other menmber. (This s called




i

" vector is operationalized as. a nomina] variable indicating to who

the connectiveness criterion.)’
D. There may be no single node (or arbitrarily sma]] set of
nodes) which, when removed from the gr0up, cause the
" rest of the group to fail to meet any of the abov crl;
teria. (This is called the critical node criterion.)
E. There must be no sing]e Tink (o; subset of ]inksi which,
if cutz‘causeS‘the group to fail to meet any of the above

criteria. (This is called the ckiticaﬂ link criterion.)

"The classification of the members of the system in terms of these

imate solution is obtained by app]yiné a pattern-recognition a]gorithm'to

"the'resuits of an iterative operation which treats each relationship

(link) between a pair of.nddes a a sort of véctor. This representation

Al

. 1s consistent with the topological model being used, since the vectors

* - -

. [
have -two aspects: direction and magnitude. The "direction" of eakh

the

link goes, while the "magnitude" is operationa]ized as the strengt of
the relationship, i.e. : the extent to which the behavior of the inYolved
nodes is constrained or influenced because of the relationship. T
result of this process is a tentative description of the,system's sfruc-
ture. Because this method'is an .approximate heuristic method,~ra¥he
than an exact mathehati;al method, the solution is only an approximat on.

An exact solution is obtained by app]ving the various critesia
described earlier to tne tentative solution obtained in the first.sta e.

This allows adjustment to an exact solution to be made. - Again, several
. | ¥ f

ety
&1

X

specifications is:accomp]ished by .a two-stage process. First, an~appr0g@ '

[N




heuristic devices are utilized to maximize the efficiency of the alger- "
\ . .

\]

ithm.

~

Statistical Analysis - ' i)
v

dnce\the-structure of the system hag been determined, the Ca]Cu;‘”

lTation of any desired statisti;s is straightforward. In hetwork ana?ysis,

as in any other area, there are an infinite number of statistics that

could be computed for any gjyen network,'depending on the viewpoint of
' y 4

the observer of the system (the ana]yst) and his objectives.- If progress
js to be made in the understand1ng of networks and how they work however
1t is essent1a1 that’the.stat1st1cs used in one study be comparab]e to
_ those used in others. For this reason a set of three types of descr19t1ve
stétistics is soggested in [32] and.briefly deséribed here.

First is a set of parametrics, which are themse]Ves not of direct
interest, but which are used as "scale factors," a1]owihg~a]} networks
to be %escribed on the same scales in such a way that the values obtained

.

will be &bso]ute]y comparable, régardless of the size (n = number of

nodes) or ]fﬁ&age (1 = number of links) of the system. The parametrics
. .l M . . . 4
include relevant values for both size and linkage at each of three levels

of'ana]ys?s: the whole system, the group, and the 1nd1v1dua] node.

Sec?nd is a set of,eomp]eteness metrics, all of which express

some observéé value in terms of-a proportion of the maximum that value
could take. Here the appropr1ate parametrics are used to standardize -
" the ca]éu]otion by de%ining the metric in the form M =‘f(x), hhere.f is
oefined4as f = g(n,1); so that g is a parametric in the appropriate n
. ahd 1; f(x) is the equation for the particular metr%c; oefined in terms

~ . l°

\

}s\
-
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of the parametric g; x is the set of relevant conditiods’specific to
P - 1 . .
this particular situation; and M is the final value for the metric. Aw
T -
example af'Z;VE form of a metric equatibn, together with a graphic repre-

sentation of the results, 1s-/shown in Figure 1.

Included in the set of completeness metrics are: connectiveness,

3 cgnnectedness, the extent to wh1ch this
|

element is ]1nked to oth r mem&er elements of the

v N the extent to which the membeXC of a- part1cu]ar unit are linked to the

'other members of the same uni

-

same un1t, 1ntegrat1ve~

ness, the extent to which the un1ts 11nked to this unit are linked to each
» ., / .
other; and certatn/structura1 1nd1cators, which refer to the extent to

which constraint or differentiation is observed in various subsets of

it . y 3
the.system. ‘ -X

The third set of metrics all.refer gqé%heéexten& to which units

- :’Mo

vary in the degree to which they show some proﬁirty They are” thus
ca]]ed d1sgers1o metr1cs There are two types of metrics in this class

' --the difference being found in the way the desired values are calculated.

.

Those of the first type are all expressed as var1ances, ca]cu]ated as

- mean squared dev1at1ons 1

Those of the sécond type [cf 24] are entropy-
: . or uncerta1nty measuring metrios, and a?e*ca]cu]ated as logarithmi¢
, information theoretic indices of distributional reddndancy,? i.e., as

indicators of the extent to, which .an event ts'predictab]e, given a

1

‘ deﬁcr1pt1on of e1ther all occurrences of events or a set of past
o .
o . e
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accurrences of events ‘The 1nformat1on theoret1c measures are included
in the set of d1sper51on metr1cs because they refer tp the extent to
which relative frequenc1es of occurrence vary from event to event within
the set ot all possible events: ' .

* The set of dispersion metrics includes: the variance in the
numbes of Tinks ‘each node has; the variance in the entries of a given row
or column &f the distance matrix for a subset of the network; the vari-
ance in row or colump means for any distance matrlx, the variance.in the/ . -

re]at1ve frequenc1es or strengths of the links to a given node; and so on.

Also included are information theoretic measures of the extent to which

>

the source or receiver of a g1ven ‘message 1s predlctab]e, the extent to

which the. 1nteract1ons among aset ‘of nodes are dominated by a subset of

these nodes [24], and so on. . | /

-

1 ) %ﬂ?}.‘\-w z .ol ’ 2 ¢
Inferent1a] S@at1st1cs % .

(=]
¢ The metr1cs descr1bed above are all descr1pt1ve stat1st1cs, i.e.,

.«
they are used to descr1be‘a system under. 1nvest1gat1on In addition to
' >
the 51mp1e descriptive stat1st1cs isa set of stat1st1cs used for test1ng
<‘;

hypotheses of various types These 1nferent1a] statkst1cs all make use

'of a mode] system of some type; for examp]e, the network‘pred1cted by a
rondom (unconstraineo) model, or the'network predicted by using another
obseryed network as a model. Inferencés are made by comparing some aspect
of an observed network to the same aspect of a pnedicted network and
testing the difference for significance. If the differencé is sig-
nificant, the model used to genérate the pred1cted values is reJected as

prov1d1ng an explanation of the observed network

n . -

a »
f ’ )
’
.
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Typically, these tests use either the t-test, for work}ng with
summary values, or the F-test, for work1ng with variances. Compar1sons ‘
th@t can easily be made by matching an ‘observed network to a random.one
}nc]ude'tests of the variance in the 1 's (] is the number of links with
node i) and the amount of constraint or struitur1ng in the observed
network.

Comparisons can also be made between a subset of an obseryed
network (treating the subset as a sample) and the whole network (treating
it as the popu]atidn)‘on any dimension for which there is/a value for

each individual member.

Conclusion . ' : ‘ . .
We have described a method for mode]ihg socia] Systems which we

feel tends ta capture more emergent systems propert1es tJan pr1or con- X fi

ceptuaﬂ1zat1ons A needed next step in the dgve]opment of th1s research

program is to relate the endogénous variaB]es described in this paper to,

exogenous factors. Thus the empirical ytility of the H<technique must

be denonstrated. OJr'pre]iminéry applications, .such as analyses of large
organizatioms 1ike banks and military bases, have brodqced insightful and
usefut'data concerning the functioning of these organizdtions. A% an
empirical, real-world level, then, utglity seems promising. .

The potential uses of network analysis are enormous. For example,

in "satellite communication" network strategies may be_ useful in de-
P

w v 4 7 e 4

) (O
term1n1ng optimal locations for ground statttns, i.e., perhaps ground

stat1ons 5hou]d be p]aced within c11ques, in order to minimize the cost

-
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of the more expensive-ferngstia] links; Network analysis strategies

may further ref1ne not1ons of knowledge structures in soc1et;; and/ﬁ%z' x
eventua]]y lead to more, efficient human resource 1nformas1gn retrieval. - \'
Mpre scientific apd precise descriptions of "invisible colleges" and

related invisible institutions may be'desc}ibed and discussed. %hus . \
with the refinement of these techmiques we may be on the verge of an
important scientificvadyaﬁcs, i.e., new insights into the way organiza-

tions work may be possible.

Describing cor}espondences he has\received; Senator Mond;ie o
%otes tﬁe response from a pﬁpmingpt social scientist: | A \\’
The behavioral sgiences, in my judgment, are in qo' L \
real ‘position at this point ts give any hard data - S X
on social problems, or conditions. There are many V .
:
i ' promises‘and pretensions; however; when it comes to o x
. de]1very, what is usuaJJy forthceming are éore re- ; . qf\

quests for further re?éﬁ‘ch .. [15, Pp, 114-115]. .

"It is our belief that this 1mpotence has re5u]ted partially from’

a m1sconcept1on of soc1a] systems, and ity zs our cortention that the
’ i,
techn1ques deschbed here1n nayf‘wst]y 1mprove methods for descr1b1ng

and analyzing such systems. oy © ’
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. Figure la. Plot of expected variance against number of links for Ns (number of
nodes) of 16, 20, 25, and 28. Note that each network requires a new

graph. _ . i
K4 . - . ‘\
1/8(N-1) e —m— . ‘
N . i
3/16(N-1) |
1/8(N-1) - |
1/16(N-1). ) I
’ ] ] 1 ' 4 :
. L N(N=1) L‘N(N )N e
8 7
¢ . (0) (.25) (.50) *.75) _ (1.0)

4

. Figure 1b. Genera11zed plot of expected variance against N and C / (system
- ) cgnnect1veness with respect to nodes). Note that the max1mum value for
of 1/4(N-1) is at the point where C=.50. At this point, the observed®
number of 1inks will be one-half of the maximum possible. Note also that
all networks, regardless of size (N) and linkage (C), are described by . ¥
- this single graph. Thus, abso]ute comparisons between networks are pos-
\\\ sible with this form of description. ~ ) -
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